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ABSTRACT: The Battle Management Language (BML) is defined as an unambiguous language for command and 
control of live, simulated, and robotic forces.  In March 2006, the SISO Standards Advisory Council approved 
initiation of a Product Development Group (PDG) to generate a standard and guidance document for the Coalition 
Battle Management Language (C-BML).  The C-BML Product Development Group initiated C-BML specification 
development activities at the Spring 2006 Simulation Interoperability Workshop in Huntsville, Alabama.  The PDG 
has laid out a 3-phase development effort: (1) specify a sufficient data model, information exchange structure and 
content, and information exchange mechanism to unambiguously define a set of military orders; (2) develop a 
formal grammar (lexicon and production rules) to formalize the definition of plans, orders, and reports; (3) develop 
a formal battle management ontology to enable conceptual interoperability across software systems.  In parallel, the 
Defense Modeling and Simulation Office (DMSO) and Joint Forces Command (JFCOM) have funded development 
of a Joint Battle Management Language (JBML) demonstration architecture and specification. This work started in 
in September 2006. 
 
Earlier BML development and demonstrations primarily focused on ground operations, with addition of Air Tasking 
Orders in demonstrations in 2005.  No work was previously done in the Maritime domain.  As part of the JBML 
effort, the Naval Postgraduate School Modeling, Virtual Environments and Simulation (MOVES) Institute is 
developing an initial expression of Naval plans and orders in accordance with the JBML design approach.  This 
paper provides a brief overview of the JBML project and the architecture for demonstration of JBML capabilities 
for interoperability across selected Command and Control (C2) and Modeling and Simulation (M&S) systems. The 
paper then describes the design approach for inclusion of Naval plans and orders into the JBML, identifying 




The Battle Management Language (BML) is defined as 
an unambiguous language for command and control of 
live, simulated, and robotic forces, as shown in Figure 1 
[1].  BML provides a common semantics for expressing 
and exchanging plans, orders, and reports across 
Command and Control (C2) and Modeling and 
Simulation (M&S) systems. In March 2006, the 
Simulation Interoperability Standards Organization 
(SISO) Standards Advisory Council approved initiation 
of a Product Development Group (PDG) to generate a 
standard and guidance document for the Coalition Battle 
Management Language (C-BML). C-BML extends the 
BML concept to international scope, enabling exchange 
of plans, orders and reports across multi-national, multi-
service and multi-organizational systems. The C-BML 
PDG initiated C-BML specification development 
activities at the Spring 2006 Simulation Interoperability 
Workshop in Huntsville, Alabama.  The PDG has laid 
out a 3-phase development effort [2]: (1) specify a 
sufficient data model, information exchange structure 
and content, and information exchange mechanism to 
unambiguously define a set of military plans, orders, 
and reports; (2) develop a formal grammar (lexicon and 
production rules) to formalize the definition of plans, 
orders, and reports; (3) develop a formal battle 
management ontology to enable conceptual 
interoperability across software systems.  The C-BML 
standardization effort has decided to use the Joint 
Command, Control, and Consultation Information 
Exchange Data Model (JC3IEDM [3]) as a starting 
point for the base data model.   
 
In parallel to the start of C-BML standardization efforts, 
the Defense Modeling and Simulation Office (DMSO) 
and Joint Forces Command (JFCOM) have funded 
development of a Joint Battle Management Language 
(JBML) demonstration architecture and specification. 
This work is leveraging earlier BML research (see [2] 
  
  
for an extensive bibliography of prior BML work) and 
will result in a preliminary demonstration of capabilities 
in mid-2007. Products of the JBML work will be used 
to inform and support the activities of the SISO C-BML 
PDG, possibly even providing content for the initial 
(version 1.0) C-BML specification. 
 












Figure 1: BML Tasking and Reporting (from [1]) 
 
BML development and demonstrations over the past 
several years have focused primarily on ground 
operations as expressed in Operations Orders 
(OPORDERs). Extension of BML to express Air 
Tasking Orders was shown in demonstrations in 2005 
[4].  No work was previously performed in the Maritime 
domain.  As part of the JBML effort, the Naval 
Postgraduate School (NPS) Modeling, Virtual 
Environments and Simulation (MOVES) Institute is 
developing an initial expression of Naval plans and 
orders in accordance with the JBML design and 
implementation architecture.  This paper provides a 
brief overview of the JBML project and the architecture 
for demonstration of JBML capabilities for 
interoperability across selected C2 and M&S systems. 
The paper then describes the design approach for 
inclusion of Naval plans, orders, and reports into the 
JBML, identifying problems encountered, lessons 
learned, and future work. 
 
2 Joint Battle Management Language 
 
The purpose of the JBML effort is to develop a standard 
language for interchange of plans, orders, and reports 
applicable to Service and Joint Users and systems. The 
U.S. Department of Defense (DoD) community has 
conducted numerous efforts over the past 20-30 years to 
create automated interfaces across C2 and M&S 
systems, with limited success. While DoD has 
established general simulation-to-simulation 
interoperability standards (e.g., Distributed Interactive 
Simulation [5] and High Level Architecture [6]), no 
such enterprise level standards exist for C2 and M&S 
system interoperability. Moreover, the simulation-to-
simulation standards deal primarily with transfer of state 
information, not plans and orders. The most general 
approach for C2/M&S system interoperability has been 
through the use of tactical message formats, such as 
Over-the-Horizon Gold (OTH-Gold), United States 
Message Text Format (USMTF), Variable Message 
Format (VMF), and others; but these are highly 
specialized formats, some text-based, some binary, and 
often requiring specialized hardware and software 
protocols. In practice, C2/M&S system interoperability 
based on this message-based approach has proven to be 
limited in scope, expensive to implement, and difficult 
to generalize across systems. Accordingly, many 
simulation systems have unique C2 interfaces developed 
on a point-to-point basis. Over the years, the various 
BML efforts, together with recent incorporation of the 
internationally accepted JC3IEDM, have demonstrated 
promise for overcoming these shortcomings.  
 
Such system-to-system communication is demanding 
enough when it involves systems within the same 
organization (e.g., within a single military Service).  It 
grows even more complex and demanding when the 
systems are owned by the same nation, but by different 
organizations (e.g., multiple US military services).  The 
JBML effort is addressing this single-country, multi-
service challenge. On a larger scale, and even more 
challenging, the SISO C-BML standardization effort 
involves specification of a BML for international multi-
agency and multi-service system-to-system interchange. 
Although much larger in scope than even the JBML 
effort, it is expected that lessons learned and technical 
approaches used in the JBML effort can inform C-BML 
standards development efforts. Accordingly, the JBML 
work will contribute products and lessons learned to 
support C-BML standardization activities. 
 
Development of BML is regarded as involving three 
complementary aspects or views (so-called “three sides 
of the BML triangle”); namely, Doctrine, 
Representation, and Protocols [1]: 
• Doctrine: A requirement of BML is the capability 
to represent the commander’s intent in an 
unambiguous manner. This has been accomplished 
in the military forces through specific terminology 
and expressions established in published doctrine of 
the military organizations.   
• Representation: A further requirement of BML is 
that existing C4ISR (command, control, 
communications, computers, intelligence, 
surveillance and reconnaissance) data 
  
  
representations be used for data interchange. The 
diversity of data models and representation 
schemes across existing systems makes this 
requirement problematic; however, some common 
models exist that are proving to be effective 
approaches across numerous systems on an 
international scale. The principal example is 
adoption of the JC3IEDM by over 25 nations for 
interchange of C2 data. 
• Protocols: A final requirement of BML is that all 
systems be able to communicate information freely 
with each other. All of the elements must therefore 
have a common method for data publication and 
data subscription, which mandates a common 
protocol for information exchange.   
 
Early BML work established a generic structure for 
expressing military tasks in terms of the “5Ws”: Who, 
What, When, Where, and Why. BML grammar 
development [7, 8] provides a means to express 
doctrinal plans and orders in a structured format using 
the vocabulary of the underlying data model. It has been 
argued that the definition of a BML ontology is needed 
to relate doctrinal concepts, including capabilities and 
constraints, to the representation scheme [9, 10]. Refer 
to [11] for further discussion of ontological approaches 
for C-BML. 
 
The focus of the initial JBML project work aligns well 
with Phase I goals of the C-BML standardization effort; 
namely, to specify a sufficient data model, information 
exchange structure and content, and information 
exchange mechanism to unambiguously define a set of 
military plans, orders, and reports. To achieve a 
demonstrable operational capability in the near-term, 
the JBML project has defined a service architecture to 
address these goals (refer to [12] for more detail).  The 
following subsections provide a brief overview of the 
JBML Service Architecture and discuss how the 
architecture relates to the three sides of the BML 
triangle (Doctrine, Representation, and Protocol).  
 
2.1 JBML Service Architecture 
 
Figure 2 illustrates the structure of the JBML Service 
Architecture. Major components of the architecture and 
interfaces between components labeled with numerals in 




Figure 2. JBML Service Architecture 
  
  
• Interface 1: General external software access to the 
JBML service through calls to operations described 
by Web Services Description Language (WSDL) 
and coordinated through the Web Service Exchange 
Interface. 
• Interface 2:   External software access to the BML 
Domain-Configured Service (DCS) through calls to 
operations described by WSDL. The DCS layer 
processes domain-specific information encodings  
• Interface 3:  Mappings from domain-specific 
doctrinal knowledge (e.g., US Army OPORDERS 
or Joint USMTF message content) to the BML 
grammar structures (5Ws) specified in the JBML-
DCS XML schema. 
• Interface 4: Application Program Interface (API) 
providing software interaction between the DCS 
layer and the BML Base Service (BBS) layer. The 
BBS layer provides the software mapping from 
information elements of the BML grammar to 
composite collections of information in the 
underlying data model.  By encoding these 
mappings, the BBS layer avoids the confusion 
inherent in multiple implementers having different 
interpretations of the underlying data model 
structure. JBML is using the JC3IEDM as its data 
model, physically implemented as a relational 
database. 
• Interface 5: External software access to the 
Common Data Access Service (CDAS) layer 
through calls to operations described by WSDL. 
The CDAS enables external inspection of the 
relational database tables and store/retrieve 
operations on the contents of the database.  
• Interface 6: API providing software interaction 
between the BBS layer and the CDAS layer. The 
BBS layer deals with composite information 
elements (Who, What, etc.), while the CDAS layer 
deals with atomic information elements (i.e., in the 
relational database implementation of JC3IEDM, 
operations on specific table, row, and attribute 
contents). 
• Interface 7: Standard Query Language (SQL) 
interface providing store and retrieve operations on 
individual database tables by the CDAS layer.  
 
For the initial demonstration of the JBML Service 
Architecture, external applications will be able to use 
Web Service communications mechanisms (SOAP, 
WSDL, XML) to pass selected plans and orders to the 
service, request plans and orders from the service, and 
access specific data elements from the underlying data 
model. The architecture also addresses Phase I goals of 
the C-BML standardization effort; namely, by (1) 
specifying a sufficient data model through the use of 
JC3IEDM version 3.0, with extensions as needed to 
accommodate domain-specific information; (2) 
providing an information exchange structure and 
content through the definition of the JBML-DCS XML 
schema and BBS-to-data model mappings; and (3) 
providing an information exchange mechanism through 
Web Services standards. 
 
The following subsections discusses how the JBML 
technical approach relates to the three sides of the BML 
triangle (Doctrine, Representation, and Protocol). 
 
2.2 JBML Doctrine 
 
Doctrine reflects standard processes for the conduct of 
military (and other) operations. BML specifically relates 
to exchange of plans, orders, and reports. Doctrine for 
the exchange of such information takes many forms in 
today’s military, from verbal communications to digital 
messages and other formats over a variety of 
communications media. The JBML approach seeks to 
capture doctrinal constructs in mappings from doctrinal 
forms (such as Army OPORDERs or USMTF message 
formats) into JBML-DCS XML documents, reflected in 
the Domain Knowledge component shown in Figure 2.  
The JBML-DCS XML Schema is based on the 
previously cited BML grammar work of Schade and 
Hieb [7, 8]. They propose a set of words (lexicon) and a 
set of rules to generate legal expressions (sentences) in 
the language using a context-free grammar. The basic 
structure of orders is provided by the following 
generative rule: 
 
(1) S   Æ  B*  C_Sp*  C_T* 
 
S is the starting symbol of the grammar, B is a basic 
expression non-terminal symbol in the grammar to 
represent ordered activities (the “*” indicates this term 
can appear zero or more times in the construction), 
C_Sp is a spatial coordination non-terminal symbol in 
the grammar, and C_T is a temporal coordination non-
terminal symbol in the grammar.  Each of the non-
terminals, B, C_Sp, and C_T have further expansion 
rules until all terms in the resulting expression are 
words (terminal symbols) of the grammar (refer to the 
cited references for a complete description).   
The basic expression non-terminal symbol, B, is 
expanded along the following pattern: 
(2) B Æ Verb Tasker Taskee 
Affected|Action) Where 
Start-When (End-When) Why 
Label (Mod)* 
Here, Verb is a non-terminal symbol for the action to 
be performed; Tasker is a non-terminal that expands 
  
  
to the name of the entity who gave the order; Taskee 
is a non-terminal that expands to the name of the entity 
being given the order; Affected is a non-terminal that 
expands to the entity to be affected by the task 
(parentheses in the rule indicate an optional selection, 
and the “|” symbol indicates a choice between 
Affected and Action); Action is a non-terminal 
symbol that expands to another action to be performed; 
Where is a non-terminal symbol that expands to a 
location phrase (e.g., At-Where or Route-Where); 
Start-When is a non-terminal symbol that expands to 
a temporal phrase (such as, start nlt 
Point_in_Time, where start and nlt [“not later 
than”] are terminal symbols in the grammar); End-
When (optional) is a non-terminal symbol that expands 
to a temporal phrase as above; Why is a non-terminal 
symbol that expands to a reason why the task is to be 
performed; Label is a non-terminal symbol that 
expands to a unique identifier so that this particular 
labeled order can be referenced in other constructions; 
and Mod (optional) is a non-terminal symbol that 
expands to additional information necessary to describe 
a particular task (e.g., formation, speed). 
Terminal symbols in the grammar will include a large 
number of doctrinal terms and operational identifiers 
representing specific data, such as types of operations 
(advance, ambush, assemble, attack, etc), forces 
assigned to perform the task (universal unique 
identifiers), named locations or coordinates from 
approved geospatial coordinate systems, temporal 
information (“at” a designated date-time-group), and 
others. Many of the identifiers used as terminal symbols 
in the grammar will be operation-specific; e.g., the 
naming of a particular objective or area of operations.   
BML expressions (plans, orders, reports) generated 
from the grammar are the basic units of communication 
between systems. These are passed to and from the 
JBML Service through Web Service operations 
performed in the DCS layer of the architecture. Native 
BML systems will be able to directly produce and 
consume BML expressions, given standardization of the 
grammar (doctrinally correct things that can be said), 
content (representation), and mechanism (protocol) 
aspects of the language. Non-native BML systems will 
require use of intermediate translators to convert 
system-specific information to BML expressions when 
sending information and to convert BML expressions to 
system-specific information when receiving such 
information. 
 
As stated, effective interchange of the BML units of 
information (plans, orders, and reports) across systems 
requires standardization of the doctrinal information 
(specified by the grammar), as well as standardization 
of the representation and protocol. JBML and C-BML 
efforts are standardizing on the JC3IEDM as the basis 
for the representation and use of XML as the basis for 
the protocol.  
 
The scope of the current JBML development does not 
allow for translation of broad sets of doctrinal 
exchanges into JBML-DCS XML expressions, but 
provides a pattern for continuing such work.  As more 
doctrinal exchanges are encoded, the JBML-DCS XML 
schema will naturally evolve.  The ongoing research and 
development efforts will look for opportunities to 
identify and use such patterns of transformation as the 
basis for automating these mappings for more rapid and 
cost-effective expansion of JBML capabilities. 
 
2.3 JBML Representation 
 
As mentioned previously, JC3IEDM version 3.0 has 
been chosen as the underlying data model for JBML, 
serving as the representation portion of the BML 
triangle. The JC3IEDM is an internationally developed 
and maintained data model, in ongoing development 
since the 1980s, which allows for the exchange and 
storage of command and control information.  The ways 
the JC3IEDM can structure and organize data for 
meaningful interchange and the richness with which it 
covers common C4ISR concepts make it an ideal choice 
for BML representation.  It certainly provides a better 
base vocabulary for JBML than could be developed in 
the time and scope of the project. The JC3IEDM will be 
extended as necessary to provide the full vocabulary 
needed for domain-specific expressions in JBML. At 
this stage in the development, it appears that only 
minimal extensions will be needed, and that most of 
those extensions will be to enumerations rather than 
entity definitions (i.e., changes to model structure). If 
this holds true, it reinforces the selection of JC3IEDM 
as an effective underlying data model to achieve BML 
objectives. 
 
Available XML schema representations of the 
JC3IEDM facilitate reference to its vocabulary by the 
JBML-DCS schema through the use of XML 
namespaces. Although the vocabulary of the JC3IEDM 
is used in the JBML-DCS XML schema, the JBML 
effort seeks to shield external software applications 
from the intricate structure of the model, hiding such 
details at the BBS and CDAS layers. Alternative 
approaches [13] suggest making the data model 
structure more explicit in the grammar and composite 
aspects of the implementation.  Additionally, it is 
reasonable to consider capturing the mappings from the 
BML information objects (5Ws) to the JC3IEDM data 
  
  
structures in XML documents so they can be treated as 
data rather than embedded in the software 
implementation. This would enable more cost-effective 
growth of capabilities of the architecture as the grammar 
and data model evolve and as interpretations in proper 
use of the data model structures also evolve. While it is 
too late in the current effort for significant change in 
design for the near-term JBML demonstration, 
evaluation of these alternatives will be important to the 
success of long-term JBML efforts as well as the 
success of the C-BML standardization effort. 
 
The physical implementation of JC3IEDM as a 
relational database is a well-established practice that has 
supported earlier BML development and demonstration 
efforts. This implementation provides not only the 
atomic level data access capabilities needed to support 
the CDAS layer of the JBML Service Architecture, but 
also provides defined data relationships that help to 
construct meaningful composites that can be employed 
at the BBS layer of the architecture.  
 
2.4 JBML Protocol 
 
The protocol currently adopted by JBML and C-BML 
efforts is the XML.  It is flexible and well understood, it 
is easily extensible to accommodate all data needs that 
might exist (numeric elements, text strings, database 
cells, and others), and its structure and reliance on 
simple ASCII characterization make it easy to adopt as 
a means for data interchange by nearly all systems and 
across many countries.  XML is already supported by 
many applications and has become the basis for data 
interchange in the global online community.  Emerging 
service-oriented architectures rely on XML as a 
common language for data interchange, service 
description, service discovery, and service invocation.  
 
The DCS layer of the JBML Service Architecture uses 
an XML expression of plans and orders. Conceptually, 
this is the form of the information that is exchanged 
across systems in a BML-enabled architecture (either 
directly for systems “natively speaking” BML or 
through mediators for systems that do not directly 
read/write BML expressions). The JBML-DCS XML 
schema reflects the BML grammar work, as described 
previously. Mappings from external doctrinal forms of 
information exchange to BML expressions that are valid 
against the JBML-DCS schema are captured in the 
Domain Knowledge component of the JBML 
architecture. One way of expressing such mappings is 
through the use of Extensible Stylesheet Language for 
Transformations (XSLT), an XML language for 
transforming XML documents into other text-based 
formats (including HTML and XML). This requires an 
initial expression of the doctrinal form of the 
information in XML, which is becoming more common 
as the DoD (and other enterprises) execute modern data 
strategies mandating the use of XML. For the JBML 
demonstration effort, Air Tasking Orders (ATOs) 
produced by the Tactical Battle Management Control 
System (TBMCS) are generated in an intermediate 
XML Data Interchange Format (DIF) before 
transformation to the JBML-DCS structure. Naval plans 
and orders are initially expressed in XML-Message Text 
Format (XML-MTF) and transformed to the JBML-
DCS structure. These efforts are revealing the need to 
modify and extend structures in the JBML-DCS XML 
schema to reflect the broader set of plans and orders 
being addressed in the JBML project (recall that the 
JBML-DCS XML schema was developed from the 
grammar work that reflected information elements 
found in ground domain OPORDERs). At the time of 
this writing, these mapping efforts were still in progress.  
 
The mechanism for information exchange in JBML uses 
WSDL to describe the available operations that can be 
performed through the JBML Service. Figure 3 provides 
a portion of a notional WSDL illustrating the use of data 
types expressed in the JBML-DCS schema for passing 
information to and from the JBML Service. This is just 
an example, as the actual WSDL for the JBML Service 
and, as mentioned above, the JBML-DCS XML schema 
are in development at the time of this writing. In 
particular, refer to the <wsdl:message> statement with 
name=”DCSOrderIn”. The statement identifies a 
parameter of type bml:OrderType, where the prefix 
“bml:” refers to the XML namespace identified by the 
URI “http://netlab.gmu.edu/JBML/BML” which is also 
associated with the imported JBML-DCS schema 
(bmlTypesV0.6.xsd). The <wsdl:operation> statement 
with name=”DCSOrderPush” identifies the DCSOrderIn 
message as the input parameter for the operation. This 
indicates that the structure of the input parameter to the 
DCSOrderPush operation is defined in the identified 
JBML-DCS schema (bmlTypesV0.6.xsd). Software 
implementations can readily validate the structure and 
content of the data passed to the operation to ensure it 
agrees with the definition of the data type in the XML 
schema.  Early work in this area on the project showed 
the importance of separating description of the 
operations from content of the data for greater flexibility 
in design and implementation. The XML data structures 
and these Web-based mechanisms for passing the 
information are primary components of the JBML 
technical approach implementing the Protocol side of 





Figure 3. Portion of a Notional WSDL Describing Operations Available through the JBML Service 
 
3 Maritime Component of JBML 
 
This section describes work in progress to introduce 
Maritime plans and orders into the JBML architecture. 
The following subsections discuss the nature of naval 
planning and doctrinal considerations in the use of the 
USMTF standard for exchanging C2 information. This 
is followed by a discussion of operations chosen for the 
JBML demonstration and how those plans and orders 
are being addressed in the JBML implementation of 
BML Doctrine, Representation, and Protocol. 
 
3.1 Naval Planning 
 
The information in this subsection is from Navy 
Doctrine Publication 5, Naval Planning [14].  This 
document describes Joint Operation Planning as a 
sequential process performed simultaneously at the 
strategic, operational and tactical levels of war.  Joint 
operation planning includes the preparation of operation 
plans (OPLANS), OPLANS in a concept format 
(CONPLANS), functional plans, campaign plans, and 
operation orders.  Navy forces develop and implement 
plans using Maritime Tactical Messages, a 
standardization of the General Operating Instructions 
known as Operational General Matters (OPGEN), 
Operational Tasks (OPTASK), and Operational Status 
messages (OPSTAT). These message formats are 
compatible with the Joint Operation Planning and 
Execution System (JOPES) and multinational navies. 
 
Operation Plans 
Plans supporting the geographic combatant commander 
are the basic tool for coordination of naval actions at 
the operational or tactical level. Like the governing 
operation order, the naval plan tests for adequacy, 
feasibility, and acceptability. These attributes are 
measured in the context of the naval components’ Navy 
and Marine tactics and procedures. Naval staffs are best 
able to determine whether subordinate plans can 
accomplish the mission and be executed with available 
resources.  Naval component commanders may also 
advise the supported unified commander by evaluating 
the selected course of action.  They may advise on the 
acceptability of the course of action in terms of 







 <wsdl:import namespace="http://netlab.gmu.edu/JBML/BML" location="bmlTypesV0.6.xsd"/> 
 <wsdl:message name="DCSOrderIn"> 
  <wsdl:part name="orderInput" type="bml:OrderType"/> 
 </wsdl:message> 
 <wsdl:message name="DCSOperationStatus"> 
  <wsdl:part name="opStatus" type="xs:boolean"/> 
 </wsdl:message> 
 <wsdl:message name="DCSOrderPullFilter"> 
  <wsdl:part name="pullFilter" type="bml:OrderIdentificationType"/> 
 </wsdl:message> 
 <wsdl:message name="DCSOrderOut"> 
  <wsdl:part name="orderOutput" type="bml:OrderType"/> 
 </wsdl:message> 
 <wsdl:portType name="JBMLServicePortType"> 
  <wsdl:operation name="DCSOrderPush"> 
   <wsdl:input message="sns:DCSOrderIn"/> 
   <wsdl:output message="sns:DCSOperationStatus"/> 
  </wsdl:operation> 
  <wsdl:operation name="DCSOrderPull"> 
   <wsdl:input message="sns:DCSOrderPullFilter"/> 
   <wsdl:output message="sns:DCSOrderOut"/> 






Directives are defined as any communications which 
initiate action, conduct, or procedure. They may be 
administrative, establish policy, or order specific action 
(such as the execution of a plan). Directives can be oral 
or written, but they must always be clear, concise, and 
authoritative.  At the component and numbered 
fleet/Marine expeditionary force levels, Navy and 
Marine Corps directives are similar to the directives 
used by a unified commander; Chairman, Joint Chiefs 
of Staff; or the National Command Authorities. These 
directives take the following forms: 
Warning/Alert/Planning/Execute Orders, operation 
plans, concept plans, functional plans, campaign plans, 
outline plans, and letters of instruction. 
 
Navy Coordination 
With the advent of NATO, navy forces worldwide 
began using Maritime Tactical Messages as a 
standardized method for conveying operational 
instructions for allied naval forces. The messages, 
known as Operational General Matters (OPGEN), 
Operational Tasks (OPTASK, providing detailed 
information for specific aspects within individual areas 
of warfare and for tasking of resources), and 
Operational Status messages (OPSTAT), provide a 
method for ordering specific tasks and or exchanging 
information required to control a force at sea. Navy 
Officers in Tactical Command (OTCs) have the ability 
to rapidly integrate naval units into a synchronized 
battle force/battle group. General Operating Instructions 
are produced in a machine readable form to rapidly 
transmit critical information from the Battle 
Force/Battle Group commander to the battle force/battle 
group and back to the unified commander. The OTC is 
then linked to the unified commander and other Service 
component commanders through the JOPES.  
 
The OTC requires that his units and composite warfare 
commanders understand and use the same concept of 
operations and command and control practices. The 
delegation of warfare commander responsibilities has 
been simplified through the use of standard Operational 
Tasks. The officer in tactical command may delegate 
responsibility within specific warfare disciplines to 
allow subordinate commanders to operate based on his 
intent.  The OTC retains the ability to modify his 
directives by using supplemental directives or orders. 
The OPTASK system provides the same elements as 
the operation plan; namely, situation, mission, 
execution, administration, and command and control 
necessary for centralized planning and decentralized 
execution in the strategic and operational planning 
systems.  If the Commander's Estimate of the situation 
requires changes in the operation order, OPGEN, or 
OPTASK; a Fragmentary Order (FRAGORDER, an 
abbreviated form of an operation order) or Supplements 
to the General Operating Instruction are used.  
 
For message traffic to be properly routed to intended 
recipients, message traffic must be properly formatted. 
Naval messages are usually composed on desktop 
computers using specialized message composition 
programs that assist the user in selecting proper format 
entries.  The software endorsed Navy-wide is known as 
Message Text Format (MTF) Editor. The software 
assists the user in composing United States Message 
Text Formatted (USMTF) messages as well as non-
formatted messages. The software is menu-driven and 
allows the user to draft a formatted message by using a 
"fill in the blank" template. 
 
3.2 USMTF Messages 
 
MIL-STD-6040, United States Message Text Format 
(USMTF), is the defining standard for USMTF 
messages [15]. USMTF messages are jointly agreed, 
fixed-format, character oriented messages that are 
human-readable, and machine processable.  The 
messages have been web-enabled (XML-MTF) for 
implementation in a net-centric environment. USMTF is 
the mandatory standard for record messages when 
communicating  with the Joint Staff, Combatant 
Commands, and Service Components.   
 
The USMTF standard supports message exchange for 
all joint reporting systems involved in Network-Centric 
Enterprise Services (NCES), Network-Centric Warfare 
(NCW), and Network-Centric Operations and Warfare 
(NCOW) applications/functionality. MIL-STD-6040 is 
available for download via the USMTF website 
(https://disain.disa.mil/usmtf/) in both an XML schema 
as well as text-based format. XML-MTF Schemas are 
available for download for each individual message 
format or for the entire MIL-STD-6040 baseline. NATO 
equivalent standards are STANAG 5500 and ADatP-3 
(pre-baseline version of STANAG 5500).  MIL-STD-
6040 is nationally approved and promulgated.  As 
mandated by CJCSI 6241.04, all DoD personnel 
utilizing character oriented messaging must utilize 
USMTF message formats to maintain interoperability.  
MIL-STD-6040 has been in use since 1985 and is 
updated annually to implement current warfighter 
information exchange requirements (IERs).  The 
standard establishes the formats, contents, XML 
specification and representation as well as procedures 
for the U.S. Message Text Formatting Program. Data 
elements described within the governing MTFs establish 
standards for all joint reporting systems. 
  
  
3.3 Naval Missions for JBML Demonstration 
 
Maritime Operations selected for the initial JBML 
demonstration include Naval Carrier-Based Air 
operations and Tomahawk Land-Attack Missile 
(TLAM) strikes. Both Air Force and Navy air missions 
are currently planned using the TBMCS, which 
produces the ATO in USMTF.  Therefore, inclusion of 
Navy air missions will leverage previous and current 
work involving expression of the ATO in BML. TLAM 
missions, on the other hand, are planned differently, and 
allows investigation into an additional set of USMTF 
messages to see how they can be expressed in the BML 
grammar and JBML-DCS XML structure based on that 
grammar. 
 
The primary entity involved in Carrier-based operations 
is the Naval Aircraft Carrier. It is defined as a warship 
designed to deploy and recover aircraft — in effect 
acting as a sea-going airbase. Aircraft carriers thus 
allow a naval force to project air power great distances 
without having to depend on local bases for land-based 
aircraft. Modern navies that operate such ships treat 
aircraft carriers as the capital ship of the fleet, a role 
previously played by the battleship. Since unescorted 
aircraft carriers are considered vulnerable to attack by 
other ships, aircraft, submarines or missiles, they travel 
as part of a larger carrier battle group. 
 
A carrier battle group or sometimes referred to as a 
carrier strike group consists of a fleet of ships in support 
of an aircraft carrier. Such groups are primarily used by 
the US Navy as part of its operating procedures. Their 
existence is an important part of the power projection 
capability of the US in that they provide the ability to 
strike quickly almost anywhere in the world. Although a 
carrier battle group has no definitive specification and 
are generally formed ad-hoc, they typically would 
include the following: 
• 1 Carrier 
• 2 Guided Missile Cruisers – for long range strike 
capability 
• 2/3 Guided Missile Destroyers – multi-purpose 
surface combatant used for anti-air warfare (AAW) 
and anti-submarine warfare (ASW). 
• 1 Frigate - used primarily for ASW 
• 2 Attack Submarines – direct support against 
hostile surface ships and submarines 
• 1 Combined Supply Ship – providing ammunition, 
fuel, and other required supplies. 
 
The Carrier Battle Group is primarily used for the 
following types of operations:  
• Protection of economic and military shipping. 
• Protection of an amphibious force enroute and 
during deployment. 
• Establishing air superiority or supremacy in an 
area in combination with land-based aircraft. 
• Establishing a naval presence in support of national 
interests.  
 
NSFS is defined as fire provided by Navy surface gun, 
missile, and electronic warfare systems in support of a 
unit or units tasked with achieving the commander's 
objectives. Weapon systems are being developed to 
provide surface combatants a greatly expanded 
capability to place ordnance rapidly and precisely on 
and around the expanded battlefield of the future. 
Advances in the technology will provide effective 
weapons, and the judicious adaptation of other joint 
systems could provide automated mission planning and 
fire coordination. Adapting joint systems will allow 
seamless operation with Marine and joint land forces to 
provide firepower when and where needed. The 
development of these new weapons is being paced by a 
program of critical experiments and demonstrations 
aimed at modernizing Navy tools for planning and 
coordination.  
 
The primary ship types that are used to delivery NSFS 
are Cruisers and Destroyers. Cruisers are classified as 
large warships. They can deliver fire from surface guns 
and guided missiles. A destroyer is defined as fast and 
maneuverable yet long endurance warships used for 
escorting larger vessels within a fleet or battle group. 
The also can deliver fire from surface guns, 
conventional guided missiles, and nuclear missiles. 
 
NSFS can be used to support various missions including 
strike, interdiction, and suppression of enemy air 
defense (SEAD).  
• Strike – Strike warfare encompasses “the 
destruction or neutralization of enemy targets 
ashore through the use of conventional or nuclear 
weapons” [16].  The Tomahawk missile is the 
primary strike weapon of the U.S. Navy surface 
fleet. 
• Interdiction (air interdiction) – is the use of aircraft 
to attack tactical ground targets that are not in close 
proximity to friendly ground forces. It differs from 
close air support because it does not directly 
support ground operations and is not closely 
coordinated with ground units. Unlike strategic 
bombing, air interdiction is not meant as an 
independent air campaign; its ultimate purpose is 
still to allow ground operations rather than to defeat 
an enemy by air power alone. 
  
  
• SEAD – involve suppressing or destroying enemy 
surface-based air defenses, (SAMs and AAA) 
primarily in, but not limited to, the first hours of an 
attack. Weapons used for SEAD missions can be 
anything which damages or destroys a component 
of an air defense system. 
 
If there is sufficient time in development of the initial 
JBML demonstration, or as a direction for follow-on 
work, other aspects of NSFS plans and orders will be 
considered for expression in the BML grammar and 
JBML-DCS XML structure. 
 
3.4 Maritime JBML Development 
 
The first step in introduction of Maritime plans and 
orders into the JBML design was selection of missions. 
As indicated above, initial interest was in carrier-based 
air operations and Tomahawk strike missions.  
 
A key starting assumption, based on Navy doctrinal 
publications, was that the USMTF expression of 
relevant plans and orders constitutes the doctrinal 
requirements for information exchange in this domain. 
This means that the content of those messages have 
been identified over many years to represent 
information that needs to be disseminated. This has 
significant implications in the development of the 
mapping from the doctrinal form (the USMTF 
messages) to the JBML-DCS XML structure, and 
subsequently stored and retrieved from the underlying 
JC3IEDM database. In short, all content in the message 
has to find expression in the JBML-DCS XML 
structures and, subsequently, in the JC3IEDM data 
model (and associated physical implementation as a 
relational database). Moreover, when a request is 
received to retrieve the plan/order, the JBML Service 
must recreate the full content of the original USMTF 
message (but in the JBML-DCS XML structure) and 
provide that to the requesting system.  
 
There are significant portions of the relevant USMTF 
messages that do not map well to the original structures 
based on the 5Ws. Work is in progress to adapt the 
JBML-DCS XML structures accordingly. 
Unfortunately, due to distribution restrictions1 on 
                                                 
1 All information provided in this paper was obtained from 
open literature. However, documentation describing USMTF 
falls under DISTRIBUTION STATEMENT C: “Distribution 
authorized to U.S. Government Agencies and their contractors 
only for administrative and operational use. Other requests for 
this document shall be referred to Defense Information 
Systems Agency, Center for Systems Engineering, 
Architectures, and Integration.”  
descriptions of the content of USMTF messages, we are 
not able to provide specific details on the nature of the 
changes introduced into the schema and the subsequent 
mapping from elements of the order into the JC3IEDM 
database structures. Suffice to say that introduction of 
this doctrinal expression of plans and orders is 
providing opportunity to enrich the content and 
structure of the JBML-DCS schema to enable it to 
accommodate a broader set of information exchange 
requirements.  Although we cannot describe details of 
the message content, we can discuss the development 
process in general terms. 
 
The effort involved associating USMTF message 
elements with the defined 5W structure, and creating 
new grammatical structures as needed to capture aspects 
of the messages that could not be expressed in the 
original grammar (as described by the JBML-DCS 
schema). In parallel, XSLT documents were developed 
to transform XML-MTF expressions of the selected set 
of messages into the extended JBML-DCS structures. 
This XSLT becomes the content of the Domain 
Knowledge component previously shown in Figure 2. 
The changes to the schema necessitated identification of 
new mappings from the elements of the order to the 
underlying JC3IEDM structures. These were 
implemented in the BBS layer of the JBML Service 
Architecture to enable the information to be stored and 
retrieved from the implementation database. 
 
This discussion has been largely from the perspective of 
passing plans and orders to the JBML Service for 
storage in the JC3IEDM database. In parallel, the 
information content of relevant plans and orders that can 
be input to requesting systems (such as a simulation 
system(s) that will execute the mission) has to be 
identified so that software can be developed to request 
the stored plan/order from the JBML Service and extract 
needed information to pass to the requesting system for 
its use.  
 
4 JBML Demonstration Overview 
 
To place the development activities in additional 
context, Figure 4 provides an indication of the data 
flows that are expected to occur in the JBML 
demonstration. Each of the major domains represented 
in this effort (Ground, Air, Maritime) are shown in 
parallel left-to-right flows from C2 systems (or 
surrogates) on the left side to simulation systems (or 
surrogates) on the right side. For purposes of this paper, 
we will just discuss the Naval BML Data Flow portion 
of the diagram. 






Figure 4. JBML Demonstration Data Flows 
 
Recall that the ATO for both Air Force and Navy air 
missions will be produced by the TBMCS, shown at the 
bottom left of the diagram.  
 
In the case of Navy TLAM missions, the plan/order will 
be generated manually using the Common Operating 
Environment (COE) Message Processing (CMP) tool as 
a surrogate for an operational system such as the Global 
Command and Control System (GCCS). The CMP is 
able to output the messages in XML-MTF format, 
which is the preferred form for further processing for 
purposes of the demonstration. These messages would 
be read by a BML Mediator, software developed for the 
demonstration that would transform the XML-MTF 
content to JBML-DCS structures. 
 
Alternatively, work is in progress to add TLAM 
planning capability to the JC3IEDM-based Tactical 
Collaboration (JTC) tool used in Trident Warrier 2006 
and planned for use in Trident Warrior 2007. JTC, as its 
name indicates, uses JC3IEDM as its underlying data 
model. Our goal is to have it either directly produce 
JBML-DCS XML structures for the selected 
plans/orders or to produce the XML-MTF format and 
use the developed XSLT to transform from XML-MTF 
to JBML-DCS. If the former, JTC could become one of 
the first native-speaking BML tools.   
 
In either case, the JBML-DCS expression of the 
selected messages will be passed to the JBML Service 
(here labeled the “JBML Repository Service”) for 
parsing into JC3IEDM structures for storage in the 
database.   
 
The JBML demonstration is currently planning to use 
the Joint Semi-Automated Forces (JSAF) simulation as 
the target system to receive and execute the plans and 
orders generated on the “C2 side” of the diagram. For 
the demonstration, a BML Mediator will request stored 
plans/orders through the JBML Service interface. The 
plans/orders will be provided in JBML-DCS XML 
format, requiring the BML Mediator to parse the 
content to extract the information needed by the 
simulation to perform the action.  For the selected 
  
  
TLAM messages, it is expected that much of the 
information contained in the original USMTF message 
will not be required by the simulation and will be 
ignored. However, at the time of this writing, such 
details had not yet been addressed. 
 
5 Summary and Future Work 
 
This paper has provided an overview of the initial 
development of a Maritime Component for the Joint 
Battle Management Language. Addition of this 
capability to prior and ongoing BML research efforts 
provides further proof of principle of BML concepts and 
benefits to interoperability.  Follow-on work will 
expand on the set of specified Maritime information 
exchange capabilities, including expression of plans and 
orders particular to the U.S. Marine Corps. Of interest 
are sequences of interactions: Naval Surface Fire 
Support missions can require receipt of a request (call 
for fire), mission planning, firing, battle damage 
assessment and possible adjustment of fire.  This 
sequence of interactions requires the transmission of 
orders and reports as BML expressions, adding variety 
that will push the technology further toward 
operationally viable applications. 
 
As a result of the work to date, there is some question 
regarding the robustness of the current BML grammar.  
In working with the USMTF message formats, it was 
necessary to replicate large portions of the message 
format that were not readily expressible in the existing 
grammar (JBML-DCS XML). Perhaps it would be 
better not to have the intermediate structure, but to find 
more effective ways to go directly from existing 
doctrinal forms to the underlying data structures. All 
information structures can be mapped to the 
intermediate language (JBML-DCS), which would have 
to be fully defined in that language, or all information 
structures can be mapped directly to the data model.  If 
the latter, there has to be care given to avoid different 
interpretations – that is, mapping of different concepts 
to the underlying data model structures – but perhaps 
this is avoided using the engineering principles 
described in [13].  All that is needed is extraction from 
the doctrinal message format structures to the data 
model structures, but in a formalized way.  Further 
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